The solution was aged at room temperature for 3 h at RT before ED.
(1) 24 where x in the range from 1.6−2.0 has been reported. 7 The 25 intercalation of Li + according to reaction 1 causes a color 26 change of the Li x Nb 2 O 5 which has been investigated for 27 to produce a square 6 × 6 mm FTO exposed region ( Figure 1a ).
116
ED was carried out in a 100 mL one compartment two-electrode 117 electrochemical cell, using a Gamry Series G 300 potentiostat. The Abbreviations: SG = sol−gel, TO = thermal oxidation in air at 580°C, MS-ad = magnetron sputtering (asdeposited), and MS-ta = magnetron sputtering (calcined at 600°C). Table 2 . 292 from 600 to 1250 F/g ( Figure 5d and Table 2 ). In order for 293 the measured specific capacity to be higher than the theoretical 294 Faradaic capacity, charge must be stored by a non-Faradaic 295 mechanism. Double-layer charging of the film is the most likely 296 candidate for this mechanism. As shown in Figure 5d , C sp is 297 rapidly lost with increasing scan rate above 5 mV/s. But the 298 retention of capacity at higher scan rates is very good, with the 299 thinnest of these films (Q dep = 300 mC, d = 38 nm) exhibiting 300 the theoretical Faradaic capacity at a scan rate of 500 mV/s 301 (Figure 5d ).
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A closer look at the CV data allows the influence of Li + 303 transport on C sp to be better understood. 307 where a is a constant and the value of b provides insight into 308 whether diffusional transport limits the measured i p . b = 0.5 309 signifies a diffusion-controlled current, whereas b = 1.0 is 310 produced by diffusion-independent processes which could be 311 non-Faradaic (e.g., capacitive charging) or Faradaic (e.g., 312 pseudocapacitive), provided ion transport is rapid enough. ( Figure 5 , panels e and f, and 
1/2 362 (4) 363 where the first term accounts for the noninsertion current (i.e., 364 nondiffusion controlled), the second term is the insertion 365 current (diffusion-controlled), and k 1 and k 2 are scan rate 366 (5) 441 The measured values, ranging from 72% for the 300 mC (d = 442 38 nm) film to 64% for the 1500 mC (140 nm) film, are 443 surprisingly large. 444 This porosity can be directly imaged by STEM in cross-445 sectional thin sections of these films (Figure 7, panels a and b) . 446 These images show many spherical voids (dark regions in these 447 dark field images) within the ED T-Nb 2 O 5 matrix. These voids 448 range in diameter from 1−10 nm where smaller voids 449 (diameter 1−2 nm) are uniformly distributed, but larger 450 voids (8−10 nm) tend to form clusters (one of these is shown 451 in Figure 7b ). This mesoporosity provides an explanation for 452 the large noninsertion capacities demonstrated in Figure 6 . 453 Both the double-layer capacity and the surface Faradaic 454 capacities are proportional to the wetted surface area of the 455 film.
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How do these voids form? Our hypothesis is that hydrogen 457 nanobubbles that coevolve during the ED process (macro-458 scopic H 2 bubbles are also seen on the electrode surface during 459 ED) adhere to the nascent NbO x film and are covered and 460 encapsulated by NbO x colloids during the ED growth process. 461 Confirmation of this mechanism must await further exper-462 imentation; however, if this mechanism is correct, it could 463 provide a means for controlling the mesoporosity of these films 464 by adjusting the rate of H 2 evolution during the ED process.
465
■ SUMMARY 466 The electrochemical preparation of high quality, crystalline T-467 Nb 2 O 5 thin films can be achieved using the ED process 468 described here. This method affords control of film thickness 469 from 38 to 140 nm. Moreover, these ED T-Nb 2 O 5 films 470 achieve capacities for Li + storage of ≈1200 F/g at 5 mV/s (1.8 471 V window) and 610 F/g at 100 mV/s that exceed the 472 theoretical Faradaic capacities for this material (403 F/g) and 473 are unprecedented to our knowledge. A Ragone plot for two of 474 f9 these films (Figure 9) 
Chemistry of Materials
